Background/Aims: Gastric cancer (GC), the third-leading cause of cancer death in the world, is typically diagnosed only in its advanced stages. WNT signaling has been associated with clinicopathological characteristics in diverse cancer types. But the systematic analysis of WNT5A, a member in the signaling, has not been inspected. Thus, our study used a metaanalysis to statistically associate WNT5A expression with GC clinicopathological characteristics. Methods: For a systematic literature review of GC in combination with the WNT signaling molecule WNT5A, we searched for PubMed, Cochrane Library, and Web of Science. It led to the five cohorts, in four eligible studies, consisting of 1,034 patients (617 WNT5A-positive and 417 WNT5A-negative patients). These patients were inspected by the library "meta" in R software for our meta-analysis. Results: Our meta-analysis, revealed a statistically significant associations of WNT5A-positivity with lymph node metastasis (p=0.0047), some types of Lauren diffuse subtype GCs (p<0.0001), advanced tumor depth (p<0.0001), and advanced UICC stages (p=0.0461) with no observation of bias or confounding factors. Conclusions: These results support the feasibility of targeting this embryonic signaling pathway, both for therapy, and as a biomarker to "guide" various individual interventions (i.e., "personalized medicine").
Introduction
Gastric cancer (GC) had 951,600 new cases, worldwide, and 723,100 deaths in 2012 [1] . The disease is more prevalent in East Asia (including Korea, Japan, and China) than in other regions. However, effective targeted therapies and clinically available GC biomarkers have yet to be developed [2] [3] [4] [5] .
WNT5A, a member of the embryonic signaling pathway Wingless (WNT), is 379 amino acids (a.a) in length, with several richly conserved cysteines [6] . WNT5A, a ligand for members of the Frizzled family of seven transmembrane receptors, plays critical roles in postnatal cellular functions, as well as development through WNT signal pathways [6] . Also, WNT5A has been involved in diverse pathogeneses, including cancers, metabolic diseases, and inflammatory diseases, through multiple WNT signaling receptors [6] . In cancer, diverse studies of WNT5A show that its expression associates with clinicopathological characteristics [7] . Also, our previous study reported WNT5A expression associated with the Lauren classification of GC [8] .
Considering the aforementioned increasing importance of WNT5A, in terms of both functions and clinical implications, we embarked upon a systematic inspection of associations between WNT5A expression and clinicopathological characteristics. By collecting multiple publications systematically and increasing the sample size of GC patients, we performed a meta-analysis, enabling us to evaluate the clinical relevance of WNT5A expression in GC.
Materials and Methods

Literature inspection
To identify clinically relevant publications regarding WNT5A expression, we searched PubMed, Cochrane library, and Web of Science for literature reports through 3 rd Sep 2016, with the following terms: "WNT5A" and "gastric" and "cancer". We obtained all publications resulting from this search, of which titles and abstracts included relevant information for our meta-analysis (Fig 1) .
Eligibility Criteria
Eligible articles in our meta-analysis satisfied the following conditions: i) literature citations related to gastric cancer and WNT5A expression; ii) the patients were pathologically diagnosed with gastric cancer; iii) requirement of a case-control design; and iv) enough data to obtain odds ratios (ORs) and 95% confidence intervals (CIs).
Exclusion Criteria
The following types of literature reports were excluded: i) reviews; ii) case reports; iii) studies reporting incorrect numbers of patients having WNT5A positivity; iv) studies of other cancer types; v) studies lacking information of the number of WNT5A-positive and -negative patients; and vi) studies dealing with DNA methylation and epigenetics of WNT5A in GC patients. 
Data Extraction
The two author reviewers (SN, JJ) independently reviewed eligible literature citings, satisfying the two aforementioned criteria, to extract relevant information for our meta-analysis. This information included authors, publication year, study objects, WNT5A positivity criteria, method, ethnicity, and clinical parameters.
Statistical Analysis
To see statistical association between WNT5A expression and GC clinical clinicopathological factors, pooled ORs and 95% CIs were calculated. The clinicopathological factors considered tumor depth, lymph node metastasis, Lauren histological classification, and UICC (Union for International Cancer Control) TNM classification. Lauren classification was divided by "diffuse type versus intestinal type" or "diffuse-scattered type versus diffuse-adherent type plus intestinal type". UICC stages were divided to "I/II versus III/IV" or "I versus II/III/IV". We used the library "meta" [9] , in R software (www.r-project.org), to perform the meta-analysis, heterogeneity statistics (T 2 , I 2 ) (including Q-tests) between studies, publication bias, and sensitivity analysis. The heterogeneity was measured by Q-tests and their p-values. Considering that I 2 ≤ 50 % or p-value < 0.05 indicates the absence of heterogeneity [10] , we applied fixed effect models to obtain pooled ORs. Otherwise, we used random-effect models to calculate pooled ORs [10, 11] . Publication biases were visually inspected by funnel plots (standard error of OR vs. OR), and all plots showed symmetry, indicating no deviation among publications. In sensitivity analysis, the effect of each study on pooled ORs was inspected by omitting a study one by one.
Results
Included studies and their information
Forty-three studies were obtained from PUBMED, and seventy-nine studies from other sources. After careful review of the studies through their titles and abstracts, fortythree studies were duplicated, and removed, and sixty-nine studies were removed due to irrelevance. The resultant ten studies were carefully reviewed by reading their full-texts, and four studies were removed due to WNT5A epigenetics studies, studies for other cancer types, and studies having unclear number of patients. As a result, four publications (Table 1) were selected for meta-analysis. One study [8] had two independent cohorts, and a total of five cohorts/datasets were eligible for our meta-analysis ( Table 1 ). The selection processes are depicted in Fig 1. Expression of WNT5A was measured through immunohistochemistry (IHC).
Statistical associations between WNT5A expression, and clinicopathological parameters, in GC Five datasets involving 1,034 patients having 617 WNT5A-positive GC patients and 417 WNT5A-negative GC patients showed positive correlation of Wnt5 expression with lymph node metastasis (OR (N1~N3 versus N0)=3.01; 95% CI=1.40~6.45; P = 0.0047; randomeffect; Fig 2A) . Furthermore, WNT5A positively associated with UICC stage (OR (III~IV versus I~II)=2.79; 95% CI=1.02~7.66; P = 0.0461; random-effect; Fig 2B) . Wnt5 expression also positively associated with tumor depth T stages T2~T4 versus T1 (OR (T2~T4 versus T1)=8.35; 95% CI=3.91~17.83; P < 0.0001; fixed-effect; Fig 2C) . WNT5A expression significantly associated with "Lauren diffused scattered" (indicated in DS in Fig 2D) subtype versus "Lauren diffuse adherent subtype plus Lauren intestinal subtype (indicated in Others in Fig 2D) " (OR (DS versus Others)=6.69; 95% CI=4.00~11.18; P < 0.0001; fixed-effect; Fig  2D) . However, WNT5A expression was not statistically associated with tumor depth stages T3~T4 versus T1~T2 (P = 0.8001; Fig 2E) ; sex (P=0.1396; Fig 1F) ; or Lauren subtypes diffuse versus intestinal (P = 0.4663; Fig 2G) . Table 1 . Information of cohorts eligible for our meta-analysis of WNT5A in gastric cancer. Chang et al. [8] previously reported two independent cohorts: one for discovery (henceforth, Chang_D), and the other for validation (henceforth; Chang_V). In our meta-analysis, we used the two cohorts separately. So, the four selected publications had the five cohorts (datasets). NA: not available
Sensitivity analysis and publication bias
To measure effects of individual studies on the overall conclusions, we performed sensitivity analysis by removing each study one-by-one. The sensitivity analysis indicated that individual studies did not affect the conclusions (Fig 3) . The ORs (in the previous section) of tumor depth stages (T2~T4 vs. T1) (Fig 3D) , lymph node metastasis (N1~N3 vs. N0) (Fig 3E) , Lauren subtypes (Lauren diffused scattered subtype vs. "Lauren diffuse adherent subtype plus Lauren intestinal subtype") (Fig 3C) , and UICC stages (III~IV vs. I~II) (Fig 3G) were not changed in some contexts, even though individual studies were omitted, thus reinforcing the robustness of the conclusions.
We next inspected publication biases for the statistically significant associations shown in Fig 2, visually confirming no asymmetries (Fig 4) . Thus, it indicated no publication biases for the significant associations. scale GC studies [13, 14] of next-generation sequencing demonstrated multiple molecular subtypes could feasibly be used for patient stratification for potential GC therapies. Of interest, Cristescu et al. [13] reported a statistically significant association between Lauren diffuse subtype GC and a molecular subtype MSS/EMT (microsatellite stable/epithelialto-mesenchymal transition). Despite progress in the molecular understanding of GC, this neoplasm still lacks clinically available biomarkers, as well as established targeted therapies [4] , largely due to the nature of GC heterogeneity. Consequently, despite recent progress in the field of HER2-positive advanced GC [2] , the direct benefit to GC patients remains limited. Despite the many efforts to identify GC clinically relevant biomarkers, the lack of feasible specifying patient groups for stratification, potential targeted therapies continue to be sought. Consequently, , we herein performed a systematic review for GC clinical relevance through multiple publications, since WNT5A (a member of WNT signaling [15] ) has been well-implicated in GC progression, and possible druggable signaling, in our previous studies [8, 16] .
In the present study, we confirmed that WNT5A positivity was statistically relevant to clinical parameters such as lymph node metastasis, UICC stage progression, a certain subtype of Lauren diffuse GC, and increased tumor depth. These findings strongly suggest that WNT signaling is a clinically valuable tool as a GC biomarker, and possible target for therapy.
Functionally, WNT signaling [15, 17] has been implicated in several types of cancer. WNT5A targeting in GC cell lines and xenograft models demonstrated antitumor activity, supporting its value as a potential therapeutic target in GC [16] . Also, HNF4α (hepatic nuclear factor-4) is an upstream regulator of WNT5A transcription, and we have shown the HN4α-WNT5A axis to be inhibited by small molecular weight compounds, in vitro, and xenograft models [8] . We also showed that WNT5A was involved in cell migration in GC cells through focal adhesion pathway and the Rac1 protein [18] . These computational cellular functions in GC cells closely align with our current meta-analysis results, indicating positive association between lymph node metastasis and WNT5A-positivity in GC patients. Recently, WNT5A [19] has been implicating, in GC cells, in inducing the epithelial-mesenchymal transition (EMT), a complex phenomenon involving drastic changes in cellular morphology and various phenotypes [20] , largely inhibiting differentiation-related genes. Thus, the association between WNT5A-positivity and advanced cancer stages, in our meta-analysis, may result from WNT5A-driven EMT, resulting in metastasis and other advanced tumor phenotypes.
Considering the aforementioned functional roles of WNT5A, as well as our metaanalysis results, WNT signaling is critical for two clinical aspects: 1) potential biomarkers; and 2) therapeutic target candidates. WNT signaling regulation by compounds in cancer has not been successful, due to safety concerns, although those concerns are also applicable to other drugs [17] . Dissecting GC patients based on an evidence-based approach may increase the possibility of WNT signaling as a druggable target, and meta-analysis can provide clues for WNT5A's use for patient stratification, and as a potential "druggable" target for small compounds.
The significance of tumor depth stages (Fig 2C) and Lauren subtypes (Fig 2D) should be carefully interpreted, due to the small number of publications. As WNT5A-relating studies increase in the future, another systematic review needs to be designed. Recently, GC systematic reviews have been applied to noncoding RNAs [21] [22] [23] for potential GC patient stratification.
Conclusion
We applied a meta-analysis for exploring the clinical relevance of WNT5A in gastric cancer. This work indicated that WNT5A-expression positively associates with lymph node metastasis, tumor depth, advanced stages, and a diffuse subtype. These findings support our hypothesis of WNT5A not only representing a strong candidate biomarker, but also as a therapeutic strategy.
